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Outline of Capabilities for Orbital Debris Tracking @

1. L3Harris Overview

2. Novel concepts for orbital debris tracking modalities enabled by:

« Libraries of custom wave propagation and interaction models that feed end to end mission
performance models

» First principal benchmarked models of RF Rydberg sensors, and state of art laboratories for
testing

3. Translating debris field data to risk, damage, and mitigation assessments for specific spacecraft

4. Satellite payload design, construction, and testing

5. Mission integration
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L3Harris Overview

Three
mission-
aligned
segments

Global
footprint

Integrated Mission Systems
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Leading technology integrator to U.S.

and international militaries for complex
ISR airbome and maritime platforms, and
provider of advanced avionics and
training solutions for commercial markets

Headquarters
Palm Bay, Florida

Space & Airborne Systems

Mission solutions and networked systems
for space and airborne domains with
defense, d

Communication Systems
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Secure ground and airborne communications
and network systems for U.S. military,
forces and

applications

Headquarters
Palm Bay, Florida

customers

Headquarters
Rochester, New York

2020
Revenue

$5.8B

Electronic
Warfare

Intel &
Cyber

Space and Airborne S

2020
Op Margin

~15.5%

ystems

| Space Systems & Solutions

| Payloads, sensors and full-mission solutions
| for classified, civil and commercial customers

' Intel and Cyber

Situational awareness, optical networks and

' advanced wireless solutions

| Mission Avionics

| Sensors, hardened electronics, release
| systems, data links and antennas supporting
. fixed wing and rotary platforms

Electronic Warfare

Multi-spectral situational awareness, threat

~-{ warning and countermeasures capabilities
% forairborne and maritime platforms

Mission Networks

Communications and networking solutions
. for air traffic management
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Novel Orbital Debris Detection Modalities Enabled By:

&

Proprietary modeling software for end to end mission performance models from custom components

describing propagation of waves across custom channels

« Based on spatiotemporal wave
propagation models, covering RF,
optical, with plasma propagation
components in development

« Extensive component libraries feed
modularly built models for quickly
assessing and optimizing trade
spaces.

« Enables full field simulation of
phenomena that COTS or custom
lumped loss software can’t handle

-
|

|

|

|

|

|

|

I Master

| Clock |
| Laser

! /

| Numerical Inputs

I

| b

I

1

| b

I 3

|+

repetition rate (Hz)
rep rate fluctuation (Hz)

Rep rate fluctuation speed (s)

wavelength (nm)
pulse width (ps)
pulse jitter (fs)

average fiber coupled output |

power (W)
SWaP-C
RIN

umerical Inputs
insertion loss (dB)

output pulse width (ps)
Ispectral width (nm)

SWaP-C
length (m

Timing Laser
Preparation

ntanglement
0

|

E(t)

Wavelength
Division
Multiplexer

Numerical Inputs
insertion loss (dB)
splitting ratio
SWaP-C

fiber length (m)

Numerical Inputs
efficiency (%)
insertion loss (dB)
output wavelengths
SWaP-C

length (mm)
noise from multiple
pair creation”

Numerical Inputs
insertion loss (dB)
fiber length (m)
SWaP-C

00¢ OeeOe¢

o0 <4WLIrQ Om

moooomn mé <
8 woe |3 8
OeOexmY, OexO

L i
L OeXOm e[

MmexcexOme 2000 WOeOexmY, OSexO
-

PQk
Ib

Goe H oG

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

: o 4 %0 ¥mmpo0oooogsen, OosSE200
1

: BOSHLR Qe
1
1
1
1
1
1
1
1
1
1
1
1

Generic example of linking custom components together with
the modeling architecture
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Novel Orbital Debris Detection Modalities Enabled By:

Benchmarked RF Rydberg sensing models

Promise for high sensitivity across extremely broad

bandwidths (MHz — THz)

Receiver minimum size not constrained by RF

frequency

Proprietary solutions for applying sensors for
orbital debris detection

State of art laboratories for receiver testing
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Meyer, D. H., Castillo, Z. A., Cox, K. C., & Kunz, P. D. (2020). Assessment of Rydberg atoms for wideband electric field sensing. Journal of Physics B: Atomic, Molecular and Optical Physics, 53(3), 034001.

Rb 87 fine and hyperfine lines
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Using sensor data to improve mission outcomes

Extract debris properties from
sensor data

Damage assessments
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Mitigation Strategies - Shielding

Probability of critical failure

hvit.jsc.nasa.gov. Exit hole of ISS crew module penetration test — performed to test repair techniques.
Manis, A., Matney, M., Vavrin, A., Seago, J., Gates, D., Anz-meador, P., ... & Xu, Y. L. (2022). NASA Orbital Debris Engineering Model (ORDEM) 3.1 Model Process. NASA Technical Publication.
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L3Harris provides payloads across every mission area

L1
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AM Radio FM Radio Cell & Wi-fi Sat Comms

RF Systems Spectral Solutions

Sensors Weather Missile Earth Observing Telescopes &
warning/def Lasers

Imaging

Depth and breadth has enabled us to become Responsive Prime market leader
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Spacecraft and Payload Provider

PERIMETER TRUSS REFLECTOR (PT)
Scales from 1m to 22m+, frequencies up to
‘Ka+ .

Celebrating . P M L More compact, and-lower . mass
: : K . Ideal for LEO smallsats to GEO Comms
I 00 W ; M AP EARERLESIOR Up to 18m diameter apertures .

Up to 9m diameter UHF to Ka-band frequencies

apertures
grfurieble Mesh Reflge,, . UHF to Ka-band
//-‘\..

5 Ideal for higher gain
. CENTER-FED E missions
RADIAL RIB REFLECTOR )
Up to 9r’n+<diameter apertures
Offers up to Ka-band frequencies

) .Optimized for frequent re-point
missions

Ideal for larger GEO Comm
missions

HIGH COMPACTION
RATIO ANTENNA (HCR)

1m to 5m diameter apertures
Designed for S- to Ka-band frequencies

100:1 compaction ratio is ideal for -
smallsats

Broad portfolio of spacecraft, antennas & reflectors to
_meet the most challenging mission needs
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Mission Integrator: Exquisite and Responsive E2E Mission Solutions

Exquisite Solutions

60-year legacy of providing
high performance mission
payloads

PNT
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EO Systems
HF

Ground

Space
tracking & space
warfighting
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Missile Defense
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Responsive Solutions

Augmenting Exquisite Systems
with rapid delivery of end-to-end
mission solutions

Keys to Success

* Mission knowledge
» Payload expertise
* Rapid delivery

Missile Defense
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Innovation Office
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Melody Hawkins
Specialty Engineer, Orbital Debris Detection

SPACE & AIRBORNE SYSTEMS | L3HARRIS TECHNOLOGIES
L3Harris.com | melody.hawkins@L3Harris.com w
The Institute of

Kevin Cox, PhD
Quantum Scientist, CCDC Army Research Lab
Quantum Technology Center

kevin.c.cox29.civ@mail.mil

Professor William Renninger

Solitary wave-wave interactions
University of Rochester, Institute of Optics
William.Renninger@rochester.edu
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